Objective: To explore inattentive, hyperactive, and impulsive behaviours in teenagers with intellectual disabilities (ID), with and without autism.
I nattentive, hyperactive, and impulsive behaviours have been described in individuals with ID, and there is evidence that these behaviours may be increased in this population, compared with peers without ID (1) (2) (3) (4) (5) . Several factors should be considered in the clinical assessment of these behaviours in individuals with ID. Although sometimes considered symptoms, these behaviours may not be inappropriate, given the individual's developmental level. The developmental manifestation of these behaviours may also be sex-related (3, 4, 6) These behaviours are not infrequently observed in individuals with autism to the extent that coexisting autism can be considered an exclusionary criterion according to DSM criteria for ADHD (7) and ICD criteria for HKS (8) . On the one hand, this potential exclusionary criterion may prevent inappropriate diagnosis of ADHD and HKS in individuals with autism. For example, the ICD-10 inattention criterion "is often easily distracted by external stimuli" (8, p 155) may be more related to sensory hypersensitivity (not infrequently seen in autism) than to inattention, and the DSM-IV item for impulsivity "often interrupts or intrudes on others," (7, p 84) may be better understood in the context of the inappropriate social interactions seen in autism. Conversely, this exclusionary practice precludes the pursuit of a more comprehensive understanding of these behaviours in individuals with both ID and autism; as well, it contributes to decreased interest in and study of ADHD and HKS in autism across the range of intellectual functioning. A greater understanding of the extent to which these behaviours may (or may not) be associated with coexisting autism is clearly needed to ensure that appropriate assessment of both the autism and of these behaviours takes place and that appropriate targeted treatment is offered (9) . A population study of psychopathology in teenagers with ID provided an opportunity to compare IHI behaviours in subjects with autism matched for sex, age, and IQ to subjects without autism.
Methods
We identified subjects in the matched groups through an epidemiologic survey of ID and autism in the population of teenagers in the Niagara Region (total population 400 000) of Ontario (10) . The methods employed for this larger study and the prevalence outcomes for ID and autism are provided in detail elsewhere (11; Bryson, Bradley, Thompson, and Wainwright, 2006, unpublished observation). Briefly, this larger study was conducted in several successive stages (also outlined in Figure 1 ):
1. Through screening and individual assessments, the total population of teenagers with ID was identified.
2. Participants were individually assessed to identify autism and collect medical information.
3. Those with autism were matched to those without autism.
4. Matched groups were psychiatrically assessed for episodic (12) and nonepisodic psychiatric disorders. The latter included assessment of IHI behaviours, as described in this paper.
Ethics review board approval for the study was obtained from the academic and service settings with which the first author was affiliated at the time of the data collection.
Instruments to Measure Cognitive and Adaptive Functioning
Depending on participants' age and level of functioning, we assessed nonverbal intelligence with either the Performance subscale of the Wechsler intelligence tests (13, 14) or the Merrill-Palmer Scale of Mental Abilities (excluding the verbal items) (15) . We used the VABS-Survey Edition (16) to assess functioning in Socialization (interpersonal relationships, play and leisure, and coping), Communication (expressive, receptive, and written), Daily Living (personal, domestic, and community), and Motor Skills (gross and fine) and to provide an Adaptive Behaviour Composite score . We also administered the Maladaptive Behavior domain (Parts 1 and 2) from the VABS. Part 1 of the domain considers minor behavioral issues, and Part 2 describes more serious behavioural concerns.
Screening for Autism
We used the ADI-R (17) to identify autism. This is an investigator-guided structured interview administered to a primary care giver. We took special care to ensure that, for each individual assessed, the ADI-R items considered were developmentally or otherwise appropriate (for example, that the individual's mental age, either currently or at age 4 to 5 years, was within the range expected for each behaviour assessed). For those with severe or profound ID (IQ < 35), some of whom also had sensory and (or) motor impairments, several items were not appropriate and were therefore excluded. Scores were treated as absolute rather than as ratios of the number of items considered, which raised the threshold for a diagnosis of autism in this more impaired group (revised scoring). These methods and our approach in applying the ADI-R to individuals with more impairment will be detailed in a subsequent paper.
Assessment of Inattentive, Hyperactive, and Impulsive Behaviours
During the psychiatric assessment, we looked for the presence or absence of symptoms listed in the ICD-10 research diagnostic criteria (8) for each of inattention, hyperactivity, and impulsivity, which yielded a symptom score. We also determined whether each participant met clinical criteria for each category, in terms of the pervasiveness (defined as occurring in at least 2 settings) and persistence (defined as lasting at least 6 months) of symptoms. For inattention, subjects had to meet at least 6 of the symptoms listed; for hyperactivity, at least 3 of the symptoms listed; and for impulsivity, at least one of the symptoms listed. As well, we determined whether the participant met criteria for ADHD according to the DSM-IV-TR (either 6 or more of the symptoms of inattention or 6 or more of the symptoms of hyperactivity and impulsivity occurring before age 7 years and in 2 or more settings) (7) inattention and hyperactivity and impulsivity occurring before age 7 years and in 2 or more settings) (8) .
Identification of Subjects in the Matched Groups
Of the population of teenagers with an IQ of 75 or lower, 171/255 (67%) participated in the study ( Figure 1 ). Of these individuals, 41 met ADI-R criteria for autism and had a nonverbal IQ of 75 or lower. Of these, 27 met criteria in each of the 3 domains, according to unrevised scoring, and 14 met criteria according to revised scoring. These 41 individuals were individually matched for age, sex, and nonverbal IQ to participants without autism. Five individuals with autism dropped out of the study before the psychiatric interview was completed (1 died, and care providers of 4 did not want to participate in the last stage of the study), leaving 36 matched pairs. There was no difference in age, sex, and nonverbal IQ between this group of 5 and the remaining 36 with autism.
Procedure
All the interviews and assessments took place in a location that was convenient for the participants and their caregivers; usually, this was in their own homes. The ADI-R, VABS interview, psychiatric interviews, and collection of medical information were completed with an informant. For both the autism and nonautism groups, 32/36 (89%) of the informants were parents. For one individual (in the autism group) an aunt was interviewed, and for another (in the nonautism group), an older sister was interviewed. Four participants in the autism group and 3 participants in the nonautism group were adopted or in foster care after age 7 years. For these individuals, interviews were completed with current foster parents who had known them on a daily basis for at least 4 years (range 4 to 16 years). We obtained informed written consent from both participants (wherever possible and using a simplified form) and informants.
Psychological assessments (27 of the matched pairs were tested using the Weschler scales) and adaptive functioning interviews were conducted by 1 of 2 research staff trained to administer these instruments. As stated by the criteria outlined by Lord, Rutter, and Le Couteur (17) for using the ADI-R for research, the 2 research staff met the recommended criterion of greater than 85% interrater reliability. All ADI-R interviews were audiotaped, and we checked interrater agreement between the 2 interviewers at regular intervals throughout the study to ensure reliability. In addition, the audiotapes were independently reviewed by the principal and coinvestigator of the larger study. Difficulties in scoring individual items occasionally arose in association with very low levels of functioning and (or) where there were additional sensory or motor impairments. We resolved these difficulties by considering observations made by research staff during the psychological assessment and through consensus.
All psychiatric interviews were conducted by the first author, who was unaware of ADI-R outcomes or whether the participant was in the matched group. Further, the first author did not participate in the matching process. If the young individual was not present with the informant during the psychiatric interview, an arrangement was made to meet with or observe him or her at a later time in a usual daily activity. This provided an opportunity to confirm and (or) clarify clinical impressions obtained during the interview.
Results

Comparison of the Autism and Nonautism Groups
Five individuals in the nonautism group and one in the autism group had scores of 3 and higher on the Gross Motor Function Classification System for Cerebral Palsy (18) and were considered nonambulatory, which thus invalidated full assessment of attention, hyperactivity, and impulsivity according to the ICD-10 RDC. These individuals and their matched pair were therefore dropped from this comparison analysis. In one pair, both individuals were nonambulatory; thus, 5 matched pairs in total were dropped, leaving 31 pairs. Table 1 shows the profile of the groups. There were twice as many male subjects as female subjects in each group (a reflection of the greater prevalence of autism in men and boys). The mean chronological age was 16 years, and the mean performance IQ age equivalence was 8 years. As might be expected, the autism group had significantly lower scores on the VABS Socialization domain. This group also had significantly lower scores on the Adaptive Behaviour Composite and higher scores on the Maladaptive domains. More subjects in the autism group were identified with episodic psychiatric disorder (for example, mood, adjustment, and psychotic disorders; 12), and more were exposed, currently and (or) in the past, to psychotropic medication (with antipsychotics and stimulants predominating and equally prescribed).
We used a series of logistic regressions to explore differences in the likelihood that individuals in the groups with autism and without autism would score or meet criteria for inattention, hyperactivity, and impulsivity. Table 2 shows frequencies and resulting chi-squares and ORs. In Table 2 , the OR for each variable is represented as the odds of an individual in the group with autism being coded as "yes" divided by the odds of an individual in the group without autism being coded as "yes." As expected, individuals with autism were more likely to score and meet criteria for inattention, hyperactivity, and impulsivity than were those without autism. These differences were significant for hyperactivity and impulsivity. The likelihood that an individual with autism would meet criteria for inattention was 4.44 times greater than that for an individual without autism; however, the relatively low prevalence of meeting criteria for inattention (4 in the autism and 1 in the nonautism group) resulted in a nonsignificant betweengroups comparison. Table 2 also shows that 7 in the autism group met criteria for ADHD, and 4 met criteria for HKS, compared with 2 and 1, respectively, in the nonautism group. Although they did not reach significance in the analysis, the odds of an individual in the group with autism meeting criteria for either of these disorders were more than 4 times greater than those for an individual in the group without autism. The difference did, however, approach significance for ADHD.
Nevertheless, many individuals in the autism group did not score for inattention (51.6%), hyperactivity (48.4%), or impulsivity (51.6%). Overall, 45% of individuals with autism did not score for any one of these symptoms. Even greater numbers did not meet clinical criteria for inattention (87%) or hyperactivity (64.5%). Note that any score in impulsivity means criteria are met; thus, the numbers scoring and meeting clinical criteria are the same. Overall, 48.3% of individuals in the group with autism did not meet clinical criteria for any one of inattention, hyperactivity, or impulsivity.
We therefore split the group with autism (n = 35, excluding the single individual who was nonambulatory but now including the 4 individuals who were excluded from the previous comparison analysis because their nonautism pair was nonambulant) into those who met criteria for any one of inattention, hyperactivity, or impulsivity (autism IHI group, n = 17) and those who did not (autism non-IHI group, n = 18) and compared their adaptive functioning and medical circumstances.
Within-Autism Group: IHI Compared With Non-IHI
We used logistic regression to compare frequencies between these subgroups according to sex (the probability of male sex) and being coded as "yes" for the following: history of seizures, wearing glasses, using hearing aids, diagnosis of episodic psychiatric disorder, and exposure to past or current antipsychotic and stimulant medication. prescribed stimulant medications in the past were significantly greater than for an individual in the autism non-IHI group. Current use of stimulant medications, however, was low and almost identical in both groups (a single individual in the autism IHI group and none in the autism non-IHI group).
We used t test to compare age-equivalent scores for IQ and VABS domains and subdomains, as well as ADI-R scores of the autism IHI and non-IHI sub groups (Table 4) . The autism IHI group demonstrated consistently higher mean age equivalence, but none of these differences were significant.
Discussion
These results raise questions about recommendations in the DSM and ICD classificatory systems to consider coexisting autism as an exclusionary criterion in the diagnosis of ADHD and HKS. In this study, the autism group as a whole showed greater prevalence of IHI behaviours and clinically significant IHI-related symptoms and disorders, compared with the nonautism group. This finding could have been predicted from the clinical literature. However, one-half of the individuals in the autism group did not have any IHI behaviours endorsed, which points to the need for careful consideration of the underlying causes of IHI behaviours before autism is applied as an exclusionary criterion. The behavioural syndrome of autism is likely underpinned by etiological subgroups that may be differentially associated with IHI behaviours. In addition, given the particular responsiveness of individuals with autism to environmental circumstances (for example, certain social and sensory environments), the role of such circumstances in contributing to these IHI behaviours should also be considered.
The autism group as a whole had significantly lower social and adaptive functioning, higher maladaptive scores, a greater prevalence of coexisting episodic psychiatric disorder, and a greater history of psychotropic medication use, compared with the nonautism group. Social impairments are among the core deficits in autism, and lower scores on the VABS have previously been reported (19, 20) . Children with both PDD and ADHD have been reported as more impaired and having greater rates of hospitalization, medication treatment, and medication combined with psychotherapy, compared with those having PDD alone (21) . It could be hypothesized that IHI-related symptoms cause or contribute to difficulties in adaptive functioning, which might also give rise to the greater medication use in those with autism. However, subsequent comparison of the 2 autism subgroups in this study showed that these 2 autism subgroups did not differ significantly in VABS Socialization, Adaptive, or Maladaptive scores, nor did they differ significantly in the prevalence of coexisting episodic psychiatric disorder. The significant difference between these subgroups was in the greater past exposure to stimulant medication (both groups had similar past exposure to antipsychotic medication). In both subgroups, there was currently less prescribing of antipsychotic and stimulant medication than in the past-a finding that warrants further investigation because it may point to a lower efficacy of stimulant medication for the treatment of IHI behaviours in those with autism and ID.
Although comparison of the 2 autism subgroups showed no significant differences in performance IQ, levels of functioning, or autistic impairment, it was observed that the autism IHI group did score consistently higher than the non-IHI group in these areas. Possibly, statistical significance was not achieved owing to reduced power because of the relatively small sample. Thus, although no conclusions can be reached from the current data, further investigations, with a larger sample, of the relations between IHI and functioning in autism may also be warranted.
IHI behaviours need to be considered from a developmental perspective. A child in a learning environment beyond his or her intellectual and emotional capacity may well present with any or all of these behaviours, and these behaviours may p 155) . However, problems did arise when this system was used to study individuals with learning disabilities and autism, which may have resulted in the underendorsing of some behaviours relevant to a particular category. For example, in the inattention category, individuals were sometimes reported not to pay attention to the tasks itemized in the check list; conversely, on tasks that they initiated, some demonstrated extraordinary perseverance and attention. Assessment tools that shift the focus from measures of hyperactive and impulsive behaviours to measures of the specific cognitive impairments, such as developmental impairments in executive function (23) , might better tap into these apparent discrepancies in behaviour and should be explored.
The strength of this study's findings lies in the various approaches taken to compensate for a lack of current adequate measures of IHI behaviours that take into account developmental concerns and the apparent inconsistent behaviours presented by the population of individuals with ID. We controlled for several crucial variables: the groups were drawn from an epidemiological sample (and not a clinical sample); the groups were matched on variables known to influence IHI behaviours, namely, chronological age, sex, and nonverbal IQ; the interviewer was blind to the autism status of the subjects; and finally, the interviewer conducted all the interviews, and judgments regarding behaviours and their developmental context was therefore consistent across subjects.
Future studies of IHI behaviours in individuals with ID, of whom more than 20% may have autism (24; Bryson, Bradley, Thompson, and Wainwright, unpublished observation), should explore both the etiology of the ID and individuals' emotional responses to specific environmental contingencies. Widening the conceptual framework in understanding these behaviours-for example, including attention to executive function and the regulation of emotion (23)-may also provide fruitful directions for further research in this area.
Meanwhile, it seems prudent to consider IHI behaviours as possible symptoms of coexisting conditions that need to be comprehensively evaluated separately from the diagnosis of autism so that appropriate interventions can be offered. 
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